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1 Introduction
Prior activities in RAN4 work on AAS can be summarized as 
1. Consideration of adaptation of existing non-AAS conducted requirements for AAS base stations; and

2. Augmentation of the conducted requirements with EIRP and OTA sensitivity requirements.

Although progress has been made in following this plan, some items have proven to be very difficult to resolve. The development of requirements for transmitted unwanted emissions is a case in point. It is worth discussing if the aforementioned plan can be improved or changed for a better outcome.
2 Discussion

2.1 Background
The choice to limit the number of OTA requirements was a compromise between providing sufficient specification coverage for base station operation and appropriate test complexity. The balance which RAN4 is pursuing is based on the assumption that OTA requirements are necessarily more complex than conducted requirements. 
A methodology for adapting the conducted non-AAS requirements for unwanted emissions to AAS base stations is currently under discussion [1]. The goal is to produce AAS requirements which are equivalent to non-AAS requirements. By identifying the requirements as “equivalent”, it is meant that the requirements should be neither more stringent nor less stringent. A methodology has been proposed which requires a vendor declaration of the capabilities for an AAS implementation. The capabilities are intended to provide a basis for comparison between an AAS implementation and an equivalent non-AAS implementation. This discussion is on-going, and the guidance for the vendor declarations remains to be defined.
2.2 Principles
The motivation for including EIRP and OTA sensitivity in the AAS specification is to cover base station behaviours which can only be observed in a non-conducted context. Considering the case of unwanted emissions, while unwanted emissions can clearly be measured in a conducted context, it is worth considering if the equivalence between an AAS base station and non-AAS base stations is something that can only be demonstrated in an OTA context.
The standard should ideally be less concerned with the internal structure of the base station and focus instead on its external characteristics. This principle is respected in the non-AAS requirements by focusing on a reference point which is the most external point on the base station in the RF sense (i.e. the antenna connector). The non-AAS requirements for unwanted emissions make no mention of the signal configuration (i.e., number of MIMO layers) or even of the number of antenna connectors present. In this sense, the need to make a declaration of the MIMO configuration of the base station is more intrusive and thus more stringent than the equivalent requirements for non-AAS base stations.
Unwanted transmitter emissions are currently treated in one of three ways: Adjacent Channel Leakage Ratio (ACLR), operating band unwanted emissions and spurious emissions. Radiated ACLR and operating band unwanted emissions requirements can be readily extended from existing requirements as they can be specified in similar terms as the EIRP requirements. Spurious emissions requirements are more problematic due a number of issues. One set of issues is due to the very wide frequency span for spurious emissions requirements.  Related issues are the potential for spurious emissions radiated in directions different than the desired emissions and the difficulty in constructing a test configuration that is usable from 9 kHz to 12.4 GHz (or higher). These difficulties could be addressed in part by writing conducted spurious requirements for very low frequencies (e.g., < 30 MHz) and radiated spurious requirements for higher frequencies. A second set of issues are due to the difficulty of measuring some of the very tight requirements (e.g.  spurious emission co-location measurements for which the requirement can be as low as -98 dBm/ 100 kHz for GSM bands. These tests challenge the dynamic range of even high performance test equipment. It would therefore be necessary to assess the feasibility of OTA spurious emissions tests as part of the evaluation of this direction.

2.3 Comparison between OTA and conducted unwanted emissions requirements
The main point being considered is the feasibility of finding equivalence between AAS and non-AAS implementations. In non-AAS implementations, the total unwanted emissions generated by a base station are governed by the number of antenna connectors. This observation led to the concept of counting MIMO branches as a unifying principle, as support for MIMO has a bearing on the number of antenna connectors presented by the base station. 

 This plan suffers from some ambiguity as the actual number of antenna connectors required to support a particular MIMO configuration is not specified. Moreover, the number of MIMO layers transmitted at any time is really a matter of the kinds of reference symbols transmitted by the baseband. The equivalence based on the number of supported MIMO layer is therefore somewhat artificial.

 Alternatively, an OTA unwanted emissions requirement would establish some maximum power or field strength specified at some distance from the base station when measured with a given reference antenna. Such a requirement is neutral to base station implementation and to the base station capabilities.
An added benefit of adoption of OTA unwanted emissions requirements is that such requirements are verified for the entire base station at once. There is no need to make multiple individual measurements and add the results to determine compliance to the requirement. Nor is there any question about the influence of antenna elements or cross-coupling between elements which may influence actual unwanted emissions but are not characterized by conducted measurements.

2.4 Proposals for defining radiated unwanted emissions requirements
A) Transmitter operating band and adjacent-channel (ACLR) unwanted emissions are specified in OTA terms. Transmitter spurious emissions above 30 MHz are also specified in OTA terms.  Transmitter spurious emissions requirements for the frequency range 9 kHz to 30 MHz are specified in conducted terms, with a per-system limit for total emissions. 

B) Retain the principle that an AAS BS shall not generate more unwanted emissions than an equivalent non-AAS BS. Equivalence between AAS and non-AAS requirements is derived by adding the non-AAS requirements to the configured maximum AAS antenna gain.
C) The AAS BS shall be treated as an entity. The number of (internal) antenna connectors or transceivers in the implementation is irrelevant. Vendors are therefore responsible for deriving their own “scaling factors” for the product design.
D) The AAS base station must meet equivalent non-AAS requirements for any configuration which an AAS BS matches a non-AAS BS configuration. Examples of configurations which are used to determine equivalence may be the formation of one or several beams and transmission of one or multiple carriers. 

E) Regarding MIMO configurations, it is noted that an AAS BS can be configured to act like a non-AAS MIMO BS. Forming several MIMO branches (with one or several beams, one or multiple carriers.) Non-AAS MIMO requirements are valid for (as a one entity) AAS BS.

F) The AAS BS unwanted emissions requirements are interpreted only in the context of OTA measurements. 
2.5 Principles for application of the requirements
A number of examples intended to guide the conducted unwanted emissions requirements discussion were presented in [2]. Most of these examples were directed at different ways that 2×2 or 4×4 MIMO could be implemented. In terms of unwanted emissions performance for MIMO signals, it is e.g., clear from TS 36.104 that the combination of  radiated signals carrying the reference symbols for 2×2 MIMO is allowed an additional 3dB of unwanted emissions compared to a signal for which those reference symbols are not present. This characteristic should apply equally to AAS base stations and non-AAS base stations. This principle can be used to derive OTA unwanted emissions requirements for AAS base stations without any discussion of the number of transmitters or the physical configuration of transmitters within the transceiver array to form the radiated beams. 

Other examples in [2] treated cases for multiple carriers or multiple bands. As with the MIMO cases, deriving radiated equivalents of the non-AAS requirements will provide new requirements which are readily applicable to AAS implementations in the xx.104 series of documents without the need to consider the internal configuration of the base station.

Finally, one of the examples in [2] showed a case where a single AAS base station is configured to provide coverage for three geographically separated areas (“sectors”). It is more difficult to establish an equivalence between AAS and non-AAS base stations for this example as it is conceivable that an AAS implementation may exploit its adaptability to change coverage dynamically. However, such a use case is not currently supported by standards, as it is equally conceivable that this use case could require new signalling or PHY features. It is difficult to write requirements based on speculation about unspecified AAS capabilities. This is equally true when trying to adapt conducted requirements to an AAS base station.
3 Conclusions

Due to the difficulties in determining equivalency between AAS implementations and non-AAS implementations in terms of conducted unwanted TX emissions requirements, this paper has proposed that the question of OTA unwanted emissions requirements be revisited. If the group agrees to revisit the question, then a short study of the requirements should be initiated. 
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